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LIQUID PRODUCT VAPORIZING APPARATUS 
FOR AN AIR DEODORIZING SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 
5 This application is a continuation-in-part of U.S. patent application serial no. 09/224,647, 

filed December 3 1 , 1998, which claims the benefit of U.S. Provisional AppHcation No. 60/070,357, 
filed January 2, 1998. 

o BACKGROUND OF THE INVENTION 
Iff^ 1. Field of the Invention : 

^1: The present invention relates generally to the field of odor control. More specifically, the 

Hi present invention relates to the vaporization of odor neutralizing products and the transfer of such 
Q vaporized products to malodorous areas for masking and elimination of malodors. 
nj 2. Related Art : 

iSi Air pollution is of great concern to the modem world. Pollution of the air is characterized 

by offensive odors and/or toxic fumes that are a nuisance to humans living near or traveling through 
the polluted areas (both offensive odors and gases with other polluting or negative properties such 
as toxicity are hereinafter referred to as "malodors"). Unfortunately, air pollution is often the result 
of an activity deemed valuable to our modem world. Examples of valuable activities that produce 

20 malodors include sewage and wastewater treatment, chemical manufacturing, agricultural and 
livestock farming, waste incineration, and petroleum refinement. Rather than completely eliminate 
these valuable endeavors, society has decided to simply control or regulate the malodors produced 




from many air polluting activities, thereby retaining the benefit from the activities while greatly 
reducing the negative effects upon human life. 

Scrubbers and electrostatic precipitators have been used in many malodorous systems to 
control pollution released into the open air. Scrubbers and electrostatic precipitators achieve 
5 pollution control by removing odors and other polluting impurities from system exhaust gas streams. 
In a scrubber system, exhaust gasses containing odorous particles such as sulfides are introduced to 
a precipitant such as sulfuric acid. Introduction of the odorous particles to the precipitant causes the 
odorous particles to bond with the precipitant and form a solid precipitate. The solid precipitate 
y particles fall from the exhaust gas to the floor of the scrubber where they may be easily removed. 
IC^ i By causing the odorous particles to fall to the floor of the scrubber, malodors are removed from the 
pi exhaust gas stream. 

W Similarly, electrostatic precipitators remove liquid or solid pollution particles suspended in 

an exhaust gas by ionizing the suspended particles and subjecting the charged particles to an 
^ electrode. The ionized particles are attracted to the electrode, where they are captured and removed 
1^ from the exhaust gas, thus removing the malodor from the exhaust gas stream. 

Unfortunately, scrubbers and electrostatic precipitators are generally limited to industrial 
activities because they can not be used to control malodors that are not contained within an exhaust 
gas stream of a closed system. Examples of systems where malodors are not contained within an 
exhaust gas stream include sewage pits, garbage dumps, and pig farms. Furthermore, there are some 
20 industrial systems that produce malodorous exhaust gasses which are difficult for scrubbers and 
electrostatic precipitators to control because of ineffective precipitants or ionization techniques. 



-2- 



Another method of controlling malodors involves masking the malodor with a pleasant 
aromatic liquid or neutralizing the malodor with an enzyme or catalyst. One method which has been 
suggested uses a distribution system including at least one vapor delivery air duct having a 
longitudinal series of vapor release ports extending over and around an odor source such a sewage 
treatment tank or a garbage dump. A blower pumps a stream of vapor- laden air through the duct and 
out of the release ports. Deodorizing liquid product is pumped to the system through an atomizing 
nozzle or a copper tube having a plurality of holes which release minute droplets of the deodorizing 
liquid product into the air stream. The liquid product is vaporized to some extent by the impact of 
the air stream on the droplets. Liquid product that is not vaporized is lost as the droplets fall out of 
the air stream and through holes located in the air duct or distribution pipes. A typical problem with 
this type of system is that vaporization of the liquid product is highly inefficient. Testing has shovra 
that, under the best of conditions, only about 28 percent of the liquid product sprayed out of the 
atomizing nozzle or copper tube is vaporized and used by the system. A considerable amount of the 
remaining liquid product is often blocked from exiting the air duct, and the inefficiency of the 
system is compounded because the accumulated liquid product in the duct obstructs air flow. 

Another distribution system vaporizes liquid deodorizing product by bubbling air through 
the liquid product. This bubbling action causes a vapor to rise from the liquid product. The vapor 
rising from the liquid product is passed to the air duct where it is eventually delivered to the malodor 
area. Because the system does not utilize an atomizing nozzle, liquid product is not sprayed into the 
air duct and no collection of liquid product occurs within the air duct. Nevertheless, this system is 
not effective for several malodorous applications because the bubbling system does not readily 
vaporize a sufficient quantity of certain deodorizing products and consequently is incapable of 



delivering sufficient quantities of the deodorizing product to an odor source to overcome the 
malodor. 

Still other systems are designed to deliver liquid deodorant mist to a malodor area by the use 
of many nozzles in a multiple cluster system. In these systems, each nozzle directly distributes a 

5 spray mist of the liquid deodorant product into the malodor source. An example of such a system 
has been employed in a 100 ton per hour asphalt plant in Grand Rapids, Michigan where multiple 
nozzles spray liquid deodorant directly into a pollution containing stack to control the odor 
emanating firom the stack. These types of open air spray systems tend to be very inefficient because 
much of the liquid deodorant is lost as it falls to the ground and does not vaporize and mix v^ith the 
l@ri malodor. Additionally, the multiple nozzles used in these systems are costly and difficult to 

^ maintain; There is a tendency for the nozzles in these systems to clog or plug and deliver 

J^l inconsistent rates of product to the malodorous area. 

p Accordingly, it is a primary object of the present mvention to overcome many of the above 

fU deficiencies by efficient vaporization of liquid deodorant products and delivery of such vaporized 
products to a malodorous area v^ithout significant loss of the liquid deodorant products. 

Another object of the present invention is to efficiently vaporize a vast array of liquid 
deodorizing products for delivery to a wide range of odor producing areas. 

It is another object of this invention to provide a deodorizing system that is simple to install, 
reliable, easy to operate and maintain and competitively priced. 

20 
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SUMMARY OF THE INVENTION 

A primary objective when utilizing odor neutralizing chemicals is to provide for complete 
mixing of the odor neutralizing chemicals with the malodors, thus forcing a chemical reaction 
between the malodors and the neutralizing chemicals. To accomplish this, the present invention 
5 efficiently vaporizes odor-neutralizing liquid deodorants and distributes the vaporized deodorants 
into malodorous areas where the vaporized deodorants are readily mixed with the malodors to 
neutralize the malodors or otherwise render them harmless. 

The invention comprises an inlet charmel, a vaporization chamber, an air blower, and 
Pi distribution pipes. Fresh ambient air is drawn into the system and through the inlet channel by the 
l(|f! air blower, thus creating a stream of air flowing through the system. The stream of air is directed 
to the vaporization chamber where an atomizing nozzle sprays atomized Uquid product into the 
rf, vaporization chamber. Within the vaporization chamber, the atomized liquid product is vaporized 
Q and becomes entrained in the air stream flowing through the chamber, making the air stream a 
fU "treated" air stream. The treated air stream then flows through distribution pipes to a plurality of 
vapor release ports which allow the treated air to be released into the malodorous area. 

The atomizing nozzle includes a tip for spraying atomized liquid deodorant from the nozzle 
and into the air stream. The atomizing nozzle receives a stream of pressurized air from an air pump 
and a stream of liquid deodorant from a liquid reservoir. The liquid deodorant may either be pulled 
from the liquid reservoir under a vacuum created by the atomizing nozzle (e.g., a siphoning nozzle), 
20 or it may be pumped into the atomizing nozzle by means of a metering pump which delivers product 
to the atomizing nozzle at a precise rate. The force of the air being pushed through the nozzle by the 
air pump causes the liquid deodorant to be atomized as it exits the atomizing nozzle. 



Release of the liquid deodorant from the atomizing nozzle results in a very fine mist of 
minute droplets generally in the approximate range of between 20 and 50 microns and even smaller. 
Air pressure to the atomizing nozzle may be increased or decreased to adjust the size of liquid 
deodorant particles leaving the nozzle. As the air pressure increases, the size of liquid deodorant 
5 particles decrease, and vice- versa. As the mist is injected into the vaporization chamber, it is 
believed that many of the minute droplets vaporize immediately, possibly due in part to a lower 
pressure upon the particles upon leaving the atomizing nozzle and entering the vaporization 
chamber. 

p The vaporization chamber includes a top, a bottom, and a sidewall, as well as a chamber inlet 

1 Wl and outlet to allow the air stream to flow through the chamber. The size of the vaporization chamber 
W will vary depending upon the required output of the siphoning or spray nozzle. Larger vaporization 
r; chambers will be required for treatment applications requiring a greater rate of liquid deodorant 
n delivery to the malodorous area. It is believed that the liquid-in-gas dispersion formed within the 
ry vaporization chamber is such that many of the fine liquid particles of deodorizer product stay in 
1^ suspension and readily evaporate, or "vaporize", their state changing from a liquid to a gas. Most 
of the larger and heavier liquid particles coalesce, condense and collect on the vaporization chamber 
walls or fall to the vaporization chamber floor. This larger liquid particle separation may be 
enhanced by providing a change in direction of the air stream or by providing a vaporization 
chamber having a closed end, i.e., an end having no chamber inlet or outlet. The excess liquid 
20 deodorant collected on the vaporization chamber walls is returned by gravity to the hquid reservoir. 
To this end the vaporization chamber is generally sloped toward the liquid reservoir so that liquid 
deodorant flows down the walls of the vaporization chamber and into the liquid reservoir. 



Accordingly, a large percentage of un-vaporized liquid deodorant is removed from the air stream by 
the vaporization chamber and returned to the liquid reservoir for re-use, thus minimizing the loss of 
liquid deodorant downstream from the nozzle, and increasing the efficiency of the system. 

After leaving the vaporization chamber, the treated air stream (i.e. untreated air and vaporized 
deodorant) is routed through air ducts to the air blower. The air blower not only draws untreated air 
through the system, but also forces the treated air through the distribution pipes. The distribution 
pipes carry the treated air to various vapor release ports which distribute the treated air into or around 
odor producing areas. The treated air contains sufficient vapors to overcome and/or neutralize 
existing offensive odors in the malodorous area. 

Accordingly, the present invention provides for more efficient vaporization of liquid 
deodorants and more effective delivery of the deodorants in vapor form to malodorous areas without 
significant loss of the liquid deodorant. 

Additionally, the present invention provides for vaporization of a wide range of liquid 
deodorants for delivery to various malodorous areas. 

Furthermore, because of its relatively simple design, the present invention provides an air 
deodorizing system that is simple to install, reliable, easy to operate and maintain, and is 
competitively priced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a plan view for the hquid product vaporizing apparatus of the present 
invention; 

FIG. 2 shows an exterior perspective view of a vaporization chamber; 
5 FIG. 3 shows an elevational side view of the vaporization chamber; 

FIG. 4 shows a sectional side view of the vaporization chamber; 

FIG. 5 shows a perspective view of the liquid product vaporizing apparatus according to the 
present invention; 

□ FIG. 6 shows a plan view of an alternative embodiment of the liquid product vaporizing 
apparatus having a vertical vaporization chamber; 

FIG. 7 shows an exterior perspective view of the vertical vaporization chamber; 
y FIG. 8 shows a sectional side view of the vertical vaporization chamber including a nozzle 

□ for connection to a metering pump for liquid deodorant transfer; 

If FIG. 9 shows a sectional side view of the vertical chamber including a siphoning nozzle for 

1 ^ liquid deodorant transfer; 

FIG. 10 shows a plan view of the liquid product vaporizing apparatus according to the 
present invention having a vertical vaporization chamber; 

FIG. 1 1 is a chart showing the amount of liquid deodorant that may be vaporized at various 
temperatures and humidities at a particular air flow rate; 
20 FIG. 12 is a chart showing the amount of liquid deodorant that may be vaporized at various 

temperatures and humidities at another air flow rate; 
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FIG. 13 is a chart showing the amount of Hquid deodorant that may be vaporized at various 
temperatures and humidities at still another air flow rate; 

FIG. 14 shows an alternative embodiment of the liquid product vaporizing apparatus using 
the shear method. 

5 

DETAILED DESCRIPTION 

Referring to FIGs 1-5, a vapor distribution system 10 is disclosed for use in treating 
malodorous areas 5 with a deodorant, bacterial digestant, or other such odor controlling compounds 
o or products (referred to herein as "liquid deodorants"). The vapor distribution system 1 0 comprises 
l(fi an air intake port 12, a treatment chamber 14, a vaporization chamber 16, an air duct 17, a pressure 
^ blower 18, and at least one distribution pipe 20 for treated air. Operation of the blower 18 draws 
ri ambient fresh air into the air intake port 12 and creates an air stream within the system 10. The air 
P stream flows through the treatment chamber 14 where a liquid deodorant is introduced into the air 
[y stream as a mist by a nozzle 22, which sprays the mist into the vaporization chamber 1 6. As the air 
1 stream moves through the vaporization chamber 1 6, the liquid deodorant is vaporized and dispersed 

into the air stream. The air stream containing vaporized deodorant is then passed though the pressure 
blower 1 8 and forced through the distribution pipes 20. The vapor distribution pipes include a series 
of vapor release ports 26 for delivery of the vaporized deodorant to a malodorous area. 

The air intake port 12 is made of polyvinyl chloride (PVC) or stainless steel material and 
20 includes a receiving end 1 1 and a chamber end 13. An air filter 28 may be incorporated on the 
receiving end 1 1 of the air intake port 12 upstream of the treatment chamber 14 for removing debris 
and other particles from the air stream. The air filter 28 helps to keep the vapor distribution system 
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clean and free of solid objects that may enter any of the various chambers and pipes of the vapor 
distribution system 10 and clog or otherwise cause problems within the system, particularly at the 
release ports 26. The chamber end 1 3 of the air intake port 1 2 is connected to the treatment chamber. 

The treatment chamber 14 is made of stainless steel or PVC and includes a housing 30 and 
a Hquid deodorant reservoir 32, The housing includes a vessel bottom wall 34, a vessel side wall 
36 sealingly joined to vessel bottom wall 34, and a vessel lid 38. The hd 38 is positioned over the 
housing to provide access to the liquid deodorant reservoir from the top of the treatment chamber. 
The lid 38 is preferably mounted on hinges 40 and has a handle to provide easier access to the 
deodorant reservoir. The side wall 36 fiirther includes a drain spigot 42 for draining liquid deodorant 
from the reservoir, a liquid supply line (not shown) for feeding liquid to the reservoir, an air supply 
line 46 entrance for feeding pressurized air into the treatment chamber, and a deodorant supply tube 
48 entrance for feeding concentrated liquid deodorant into the reservoir. A treatment chamber 
entrance 50 and a vaporization chamber inlet 52, or intake port, are also formed in side wall 36 to 
allow the air stream to pass through the treatment chamber 14 and into the vaporization chamber 1 6. 

A quantity of liquid deodorant is retained within the liquid deodorant reservoir 32, having 
an upper liquid surface line 33 located substantially below the treatment chamber entrance 50 and 
vaporization chamber inlet 52. The liquid deodorant used for dehvery to the malodorous area is 
either a liquid masking agent or a liquid odor neutralizing agent. Examples of such agents include 
MAXIM SP 798 enzyme fortified bacterial digestant I deodorant manufactured by Midlab, Inc. of 
Sweetwater, Tennessee, and ECOSORB® natural odor control manufactured by Odor Management, 
Inc. of Minneapolis, Minnesota. A preferred neutralizing agent is one including enzymes and a 
catalyst, which biologically reacts with odor-causing molecules such as ammonia and hydrogen 
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sulfide, and which attacks various odor-producing microbes. The liquid deodorant is retained in a 
supply vessel such as a fifty-five gallon drum, five gallon bucket or one gallon jug. 

A product maintenance device 54 keeps the deodorant level substantially constant at the 
upper liquid surface line 33. The product maintenance device is controlled by a float 56 and electric 
switch system which automatically operates an electric supply Une valve to maintain the liquid in 
the reservoir at a desired level. When the supply line valve is opened, water flows into the reservoir 
through a liquid supply Une (not shown). As the water flows into the reservoir, concentrated liquid 
deodorant is proportionally siphoned from the supply vessel and delivered to the reservoir through 
the supply tube 48. Accordingly, the product maintenance device not only acts as a hquid level 
control for the hquid deodorant within the reservoir, but also properly delivers a desired 
concentration of the liquid deodorant to the deodorant reservoir. The proportion of water to liquid 
deodorant within the product reservoir is generally selected between 1:1 and 99:1. Should the 
desired concentration of liquid deodorant change, an inlet orifice on the product maintenance device 
may be removed and a new inlet orifice may be inserted which delivers the desired concentration 
of Uquid deodorant to the deodorant reservoir. 

In addition to the product maintenance device, the treatment chamber may also be equipped 
with other maintenance devices such as a thermometer and/or a heater 58. The thermometer and 
heater combination may be desired for outdoor applications of the vapor distribution system where 
freezing of the liquid deodorant reservoir is a concern. 

The nozzle 22 is positioned within the liquid deodorant reservoir at a prescribed height above 
the upper liquid surface line. The nozzle includes a tip, or nozzle release point 23, positioned to 
spray through the chamber opening in the same direction as the air stream and directly into the 




vaporization chamber. The nozzle 22 is fed with pressurized air from the air supply line 46, which 
is joined to an air pump located outside of the treatment chamber 14. The nozzle uses the 
pressurized air to distribute tiny particles of the liquid deodorant from the nozzle tip 23. 

Pressurized air flowing through the siphoning nozzle may also be used to siphon liquid 
deodorant from the deodorant reservoir through a siphon tube 60 which extends from the nozzle to 
below the upper liquid surface line. Alternatively, the nozzle may receive liquid deodorant through 
a pump tube, which is used along with a metering pump to distribute liquid deodorant to the nozzle 
at a precise rate. A deodorant filter is located within the siphon tube or pump tube to remove solid 
particles of liquid deodorant that may clog the nozzle. After passing through the deodorant filter, 
the liquid deodorant is sprayed from the nozzle 22 as a mist into the air stream. 

If a siphoning nozzle is used, several factors will control the amount of liquid deodorant that 
is distributed to the vaporization chamber from the nozzle. First, the amount of liquid deodorant 
sprayed from the nozzle is dependent upon the type and model of nozzle 22. Larger nozzles will 
generally siphon liquid deodorizer from the product reservoir at a faster rate than smaller nozzles, 
therefore injecting more liquid deodorizer into the vaporization chamber. Second, the amount of 
liquid deodorant distributed to the vaporization chamber is dependent upon the amount of pressure 
produced by the air pump and delivered to the nozzle. Greater air pressure applied to the nozzle will 
cause a greater amount of liquid deodorizer to be sprayed from the nozzle and into the vaporization 
chamber. Third, the amount of liquid deodorant provided is dependent upon the distance between 
the nozzle 22 and the upper liquid surface line 33 of the product reservoir. The closer the nozzle is 
to the upper liquid surface line, the more deodorant will be distributed from the nozzle. Fourth, the 
greater the concentration of the liquid deodorant contained in the product reservoir the greater the 
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amount of liquid deodorant that will be provided to the vaporization chamber. Of course, if a single 
nozzle is not capable of providing a sufficient amount of liquid deodorant to the vaporization 
chamber, multiple nozzles may be used. 

As an example of the above, consider a particular siphoning nozzle where 20 psi of air 
5 pressure is applied to the nozzle which is positioned 12" above the upper liquid deodorant surface 
line and the nozzle sprays 0.33 gallon per hour of liquid deodorant into the vaporization chamber. 
If the air pressure is increased, the flow rate of the liquid deodorant will also increase. If the 
prescribed height above the upper liquid deodorant surface is increased, the flow rate of the liquid 
n deodorant will decrease. 
IQP The nozzle 22 is easily accessible though the lid 38 of the treatment chamber 14. 

Accordingly, the nozzle may be easily replaced should a problem arise with the nozzle. Preferably 
rn the nozzle is self-cleaning to avoid complete replacement of the nozzle. Self cleaning nozzles 
□ typically provide for easy cleaning with an automatic blast of air that is activated periodically by the 
nozzle itself or by manual depression of a cleaning button. An example of a preferred siphoning 
1 fe' nozzle for use with the vapor distribution system is the DELEVAN® ALX-07 air atomizing series 
spray nozzle. Of course, other brands of atomizing / siphoning nozzles may be appropriate for use 
in the present invention. 

The vaporization chamber is made of stainless steel or other suitable material such as PVC 
and comprises a chamber floor 62, a side wall 64, a chamber ceiling 66 and a chamber outlet 52. 
20 The chamber floor 62 is integral with the bottom of the chamber inlet 52 at a proximate end of the 
chamber floor 62 and is inclined upward toward a distal end of the floor 62. Because the chamber 
floor 62 is inclined, the chamber floor provides a liquid deodorant recovery means which returns 
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un-vaporized liquid deodorant to the deodorant reservoir through the chamber opening. The 
chamber outlet 52 is located on a distal end of the chamber ceiling from the treatment chamber 14. 
The chamber inlet 52 is situated on the side wall 64 and connects the treatment chamber 14 to the 
vaporization chamber 16. 

The vaporization chamber 16 is designed to provide sufficient time and space for the liquid 
deodorant mist to be vaporized within the vaporization chamber before exiting the vaporization 
chamber. In other words, the vaporization chamber must be of sufficient size to contain the mixture 
of air and liquid deodorant mist for a sufficient time for much of the liquid deodorant mist to 
vaporize before exiting the vaporization chamber. Accordingly, the volumetric size of the 
vaporization chamber is dependent upon several factors including type of liquid deodorant to be 
vaporized, the flow rate of the air stream within the system, and gallons per hour of deodorant to be 
vaporized. In one vapor distribution system that has been operated successfully, an air stream flow 
rate of 800 c.f m. required a T x T x 4' vaporization chamber to vaporize and deliver 0.3 gallons per 
hour of deodorant. For vaporizing and delivering 1 gallon per hour of deodorant at the same flow 
rate, a vaporization chamber having a 16 inch square cross section and a length of 6 feet was 
required. The diameter of the vaporization chamber air stream exit is typically 6 inches in diameter, 
but this may also vary according to the size of the vaporization chamber and job to be performed. 

The air stream exit to the vaporization chamber leads through a portion of air duct 17 to a 
pressure blower 18. The portion of air duct 1 7 extending from the air stream exit is typically smaller 
than the width or diameter of the vaporization chamber and generally the same diameter as the air 
stream exit. A typical air duct 17 may be 6" in diameter and comprised of PVC, stainless steel, or 
other material suitable for channeling of the air stream. 
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The pressure blower 1 8 comprises an air input side, an air output side, and a large fan, wheel, 
or other air moving device. The pressure blower causes air to be drawn to the air input side and 
exhausted from the air output side. This movement of air through the fan results in an air stream 
flow rate, which may be measured in cubic feet per minute (c.f m.). Typical air stream flow rates 
for the vapor distribution system 10 are between 600 and 2000 c.f m. The blower 18 is preferably 
a radial wheel or high pressure blower such as that produced by NEW YORK BLOWER. The 
blower 1 8 may be driven by either a diesel engine or an electric motor. 

A pluraUty of distribution pipes are connected to the air output side of the pressure blower. 
The distribution pipes are generally composed of PVC or similar corrosion resistant material. The 
distribution pipes 20 include vapor release ports 26 at various locations to allow the vaporized 
deodorant to be delivered to the malodorous area 5. At least one end cap 24 may be provided to seal 
off the ends of the distribution pipes and force the vapor through the ports. 

The desired rate at which liquid deodorant is vaporized and delivered to the malodorous area 



fU 5 will depend upon the particular application. For example, a landfill may require 0.4 - 0.5 gallons 
1^ per hour of vaporized liquid deodorant to neutralize malodorsT^while the digester tank of a 
wastewater treatment plant may only require the delivery of 0. 1 - 0.2 gallons per hour to neutralize 
malodors. A variety of factors will determine whether the desired amount of liquid deodorant is 
actually vaporized by the system and delivered to the malodorous area. These factors include the 
following: 

20 - the temperature of the air entering the system; 

- the humidity of the air entering the system; 

- the rate of air flowing through the system; 
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- the droplet size produced by the nozzle; and 

- the volatiHty of the particular Hquid deodorant to be vaporized. 

The temperature and humidity of the air stream plays a large role in determining the amount 
of liquid deodorant that will be vaporized into the air stream and delivered to the malodorous area. 
Relative humidity is the amount of water vapor in the air compared with the amount of vapor needed 
to make the air saturated at a the current air temperature. The quantity of water that air can "hold" 
is dependent upon the temperature of the air. Colder air is capable of "holding" less water vapor 
than warmer air. As the temperature of a unit of air drops, the relative humidity of the unit of air will 
rise and the air will be able to hold less water. If the temperature drops to the dew-point (relative 
humidity of 100%), the air becomes saturated and condensation occurs. Accordingly, the present 
invention will vaporize less liquid deodorant per unit of air flowing through the system as the 
temperature decreases and the relative humidity increases. 

As the temperature decreases and the relative humidity of the air increases, a greater quantity 
of air will need to flow through the system in order for the liquid deodorant to be vaporized at the 
desired rate. In these situations, the blower must be capable of drawing air into the system at a faster 
rate. In addition, vaporization of the liquid deodorant may also be encouraged by decreasing the size 
of the particles sprayed from the nozzle. The specifications of the nozzle used in the system will 
determine how small the particles sprayed from the nozzle will be. Increasing the pressure of the 
air forced through the nozzle will generally cause smaller particles to be sprayed from the nozzle. 

Figs. 11-13 show maximum vaporization rates for the system 10, depending on the 
temperature and humidity of the air at a particular air stream flow rate. Fig. 1 1 displays the 
maximum vaporization rates when the air flow rate is 829 c.f m.. Fig. 12 shows the maximum 
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vaporization rates when the air flow rate is 69 c.f.m., and Fig. 13 shows the maximum vaporization 
rates when the air flow rate is 1000 c.f.m. To calculate a vaporization rate for a particular 
temperature in and relative humidity, the following formulas are used: 
First, the actual vapor pressure (P) is calculated in Pascals, 

p _ (C*10 (7-5*Tdc/(237.7 + Tdc)) * jQO; 

Next, the vapor density (D) is calculated in Kg/m\ 

D = P/(T, + RJ; 
Finally, the gallons per hour vaporized (Gv) is calculated, 

G^ = D*F*60/133; 

where C = the system coefficient (which is a function of nozzle type, nozzle air pressure, ground 
elevation where the system is located, and volatility of the liquid deodorant being vaporized), T^^^ is 
the dew point temperature in degrees Celsius, is the air temperature in degrees Kelvin, is the 
gas constant for water vapor (461.5 J/kg * Kelvin), and F = the air stream flow rate. Each of the 
charts shown in Figs. 11-13 assume that the system coefficient is 4.0, which is common for a typical 
nozzle receiving 30 psi of air pressure fi-om the air pump and distributing a liquid deodorant with 
a typical volatility, such as ECOSORB® . If higher hquid deodorant rates are desired at a particular 
air flow rate, the system coefficient must be increased. This may be easily accomplished by 
increasing the nozzle air pressure, but the nozzle pressure may only be increased as high as the 
maximum air pressure allowed by the nozzle specifications. 

Operation of the vapor distribution system 10 may be triggered by manual or automatic 
control. For automatic control, an electronic control system is used having at least one sensing 
instrument for measuring an external condition such as time, atmospheric pressure, temperature, 



humidity, wind direction, wind velocity, etc. The electronic control system receives information 
from the sensing instrument and enables or disables the vapor distribution system 10 based upon 
external conditions meeting a prescribed criteria. For example, the electronic control system may 
trigger operation of the vapor distribution system 10 when the winds are blowing from the east or 
north, but disable the vapor distribution system 10 when the winds are blowing from the west or 
south. 

The vapor distribution system 1 0 is enabled upon activation of the pressure blower 1 8 which 
draws untreated air into the air intake port 12. The air drawn into the air intake port 12 creates an 
air stream within the vapor distribution system 10. The air stream is passed through the air filter 28 
to remove particulate matter from the air stream that could be damaging to the system. Next, the air 
stream enters the treatment chamber 14 where a mist of liquid deodorant is sprayed into the air 
stream from the nozzle 22. The air stream then passes through the chamber inlet 52 and into the 
vaporization chamber 16. 

Much of the liquid deodorant distributed to the vaporization chamber 16 will be vaporized 
within the vaporization chamber. Remaining un- vaporized particles of liquid deodorant form on the 
vaporization chamber side wall 64 and fall to the chamber floor 62. The un-vaporized liquid 
deodorant eventually returns to the deodorant reservoir 32 as gravity draws the deodorant to the 
chamber floor 62, down the incline of the chamber floor 62, through the chamber inlet 52 and into 
the deodorant reservoir 32. The air stream exiting the vaporization chamber 1 6 contains treated air 
comprised of fresh ambient air and vaporized deodorant along with a small portion of tiny suspended 
particles of liquid deodorant. 
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Treated air flows up through the vaporization chamber outlet 52 and is routed by air ducts 
17 to the pressure blower 18. The treated air is drawn to the fan of the pressure blower 18, passes 
through the fan of the pressure blower, and is then forcibly pushed through the distribution pipes 20 
and out the vapor release ports 26 to condition an odor source 5. As shown in FIG. 5, the odor 
source 5 might be an open tank 70, such as sewage treatment plant tank, and the distribution pipes 
20 may be deployed along and around the perimeter of the open tank 70 to generate an air curtain 
of vaporized deodorant around the odor source 5. 

An alternative embodiment of the invention is shown in Figs. 6-10. In this embodiment of 
the invention, the vaporization chamber is vertical, rather than horizontal. The vertical vaporization 
chamber can be particularly useful if the system must be installed in a small area where a horizontal 
vaporization chamber will not fit. Referring to Figs. 7-9, the vaporization chamber 16 includes a 
chamber floor 62 and a chamber ceiling 66 with a cylindrical sidewall 64 defined between the 
chamber floor and the chamber ceiling. The air intake port 12 is connected directly to the 
vaporization chamber sidewall 64 near the chamber floor 62 to form the vaporization chamber inlet 
52. Diametrically opposed to the chamber inlet 52 is the chamber outlet 68, or outlet port, which 
connects to the air duct 17. 

As shown in Figs. 8-9, no treatment chamber is required in this embodiment of the invention 
because the liquid deodorant reservoir 32 and nozzle 22 are both held within the vaporization 
chamber 16. The liquid deodorant reservoir 32 is formed by the chamber floor 62 and sidewall 64, 
such that the upper liquid surface line 33 never reaches the chamber inlet 52 or chamber outlet 68. 
As with the previously described embodiment, a product maintenance device 54 keeps the deodorant 
level substantially constant at the upper liquid surface line 33. The product maintenance device is 

- 19- 



# # 

controlled by a float 56 and electric switch system which automatically operates an electric supply 
line valve to maintain the liquid in the reservoir at a desired level. A drain spigot 42 and supply tube 
48 entrance is also provided in the sidewall 64 of vaporization chamber 16. 

While the hquid deodorant reservoir 32 rests slightly below the chamber inlet 52 and 
chamber outlet 68, the nozzle 22 is held slightly above the chamber inlet 52 and chamber outlet 68 
by a bracket (not shown). The nozzle 22 is directed with its tip 23 pointed upward toward the 
chamber ceiling 66. The nozzle 22 is hooked to an air supply line 46 which extends through 
sidewall 64 and provides pressurized air to the nozzle. If a metering pump is being used to deliver 
liquid deodorizer from the product reservoir to the nozzle, the nozzle will be connected to a pump 
tube 61 which extends through sidewall 64, as shown in Fig. 8. If a siphoning nozzle is being used 
to deliver liquid deodorizer from the product reservoir, a siphoning tube 60 will be connected to the 
nozzle, as shown in Fig. 9. A door 72 is provided on the vertical vaporization chamber 1 6 to provide 
easy access to the nozzle 22. 

The vertical vaporization chamber is characterized by an air- flow end 80 and a closed end 
82. The air- flow end 80 of the vaporization chamber includes the chamber inlet 52, the chamber 
outlet 68, and the product reservoir 32, all positioned beneath the nozzle 22. The air flowing into 
the vaporization chamber at the chamber inlet 52 generally flows directly across the chamber and 
out the chamber outlet 68. Accordingly, the air stream that flows within the system does not flow 
lengthwise through the vaporization chamber, but diametrically across the width of the vaporization 
chamber 16. 

The closed end 82 of the vaporization chamber is simply an enclosed volume above the 
nozzle 22 which receives atomized particles of liquid deodorant from the nozzle. The closed end 

-20- 



82 of the vaporization chamber provides a space for rapid hquid deodorant vaporization apart from 
the main air stream of the system. Accordingly, non-vaporized liquid deodorant does not need to 
be inserted directly into the system air stream. A large portion of atomized particles sprayed from 
the nozzle 22 vaporize in the closed end 82 of the vaporization chamber. This vapor is then drawn 
through the chamber outlet 68 and into the air stream as the air stream flows through the vaporization 
chamber 16. Particles that do not vaporize tend to condense- on the sidewall-of the vaporization 
chamber. These liquid deodorant particles flow by gravity toward the air flow end 80 of the 
vaporization chamber and retum to the Uquid deodorant reservoir 32. 

The operation of the alternative embodiment with a vertical vaporization chamber is similar 
to that of the previously described embodiment. Air is drawn into the system through the air intake 
port 1 2 by pressure blower 18. The air drawn into the air intake port 12 creates an air stream within 
the vapor distribution system 10. The air stream is passed through the air filter 28 to remove 
particulate matter from the air stream that could be damaging to the system. Next, the air stream 
enters the vaporization chamber 14 and passes under the nozzle, 22. The air flowing through the 
vaporization chamber draws vaporized liquid deodorant from the closed end 82 of the vaporization 
chamber. The vaporized liquid deodorant mixes with the air stream to create a treated air stream 
flowing out of the vaporization chamber 16. 

Treated air flows up through the vaporization chamber outlet 52 and is routed by air ducts 
17 to the pressure blower 18. The treated air is drawn to the fan of the pressure blower 18, passes 
through the fan of the pressure blower, and is then forcibly pushed through the distribution pipes 20 
and out the vapor release ports 26 to condition an odor source 5. As shown in FIG. 5, the odor 
source 5 might be an open tank, such as sewage treatment plant tank, and the distribution pipes 20 
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may be deployed along and around the perimeter of the open tank 70 to generate an air curtain of 
vaporized deodorant around the odor source 5. 

Another alternative embodiment of the vapor distribution system of the present invention is 
shown in Fig. 14. The embodiment shown in Fig. 14 is called the "shear method" system and is 
5 similar to the embodiment shown in Figs. 6-10, with variations as described below. According to 
the embodiment shown in Fig. 14, the vapor distribution system 100 includes a vaporization 
chamber 116 having a chamber floor 162 and a chamber ceiling 166 with a cylindrical sidewall 1 64 
defined between the chamber wall and the chamber ceiling. The vaporization chamber inlet 1 52 is 
located on the middle portion of the vaporization chamber sidewall 1 64. Diametrically opposed to 

10 the chamber inlet is the chamber outlet 168, which connects to an exit air duct 117. 

Similar to the embodiment shown in Figs. 6-10, the shear method does not require a 
treatment chamber, because the nozzle 1 22 is held within the vaporization chamber 116. The nozzle 
122 is held within the chamber ceiling 166 and, unlike the embodiment shown in Figs. 6-10, the 
nozzle is directed with its tip pointed downward toward the chamber floor 162. The nozzle 122 is 

1 5 hooked to an air supply line (not shown) which enters the vaporization chamber through the chamber 
top 167 and provides pressurized air to the nozzle 122. A liquid product tube (not shown) is also 
connected to the nozzle 122 for providing liquid deodorizer fi^om a product reservoir (not shown) 
to the nozzle. The product reservoir may be positioned above the vaporization chamber 1 16 or 
situated to the side of the vaporization chamber. Because of the arrangement of the vaporization 

20 chamber using the "shear method," a much smaller vaporization chamber may be used. 

A blower (not shown) causes fresh, unsaturated air to be drawn into the vaporization chamber 
116 through the air inlet 1 52. The air drawn into the chamber 116 through inlet 1 52 travels through 
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the chamber and exits through the chamber outlet 1 68, where it is delivered to the air duct 1 1 7 and 
eventually to vapor release ports (not shown). The passage of air from the chamber inlet 1 52 to the 
chamber outlet 168 creates an air stream within the chamber 1 16 flowing from the air inlet 152 to 
the chamber outlet 168. The nozzle 122 sprays liquid deodorizer from the chamber ceiling 166 
toward the chamber floor 162. When the liquid deodorizer spray 169 crosses the air stream, it is 
sheared by the air stream and directed through the chamber outlet 168 and into the air duct 117 along 
with the air stream. Because of this shearing effect of the air stream, the embodiment shown in Fig. 
14 is known as the "shear method." 

If the air stream flowing through the vaporization chamber 116 does not have the capacity 
to hold all of the atomized liquid deodorizer sprayed from the nozzle 122, some condensation will 
occur, and a small amount of liquid deodorizer will collect on the chamber floor 162. Liquid 
deodorizer that accumulates on the chamber floor 1 62 will naturally evaporate into the air above the 
chamber floor. This air containing evaporated liquid deodorizer is also drawn out of the chamber 
outlet 1 68 and into the air duct 1 1 7 as the air stream flows through the chamber 1 1 6. Fresh air from 
the air stream continually drifts into the chamber 1 16 to fill the chamber and replace any air exiting 
the chamber 116. 

While the shear method provides for a much smaller vaporization chamber, it does not 
provide any solution for increasing the ability of the air stream to vaporize liquid deodorizer so that 
increased liquid deodorizer may be held by the air stream. Thus, the shear method is designed for 
those applications where condensation is not likely to occur. In other words, the shear method is 
designed for applications where only small amounts of liquid deodorizer need to be consumed and 
the temperature and humidity of the air stream are relatively consistent. Consumption of liquid 
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deodorizer using the shear method is typically between 0.05 and 0.20 gallons per hour when the 
temperature of the air stream does not fall below 60 degrees Fahrenheit. 

All of the above-described embodiments may be used on a wide variety applications. For 
example, the odor source 5 shovra in Figs. 5 and 10 might also be a garbage dimip, in which case 
one or more distribution pipes are placed around or across the top of the dump to neutralize or mask 
the dump odor. Alternatively, the malodorous source might be the^odor-producing structures of a 
waste treatment plant having digester and clarifier tanks. Other applications for the present invention 
include, but are not limited to, energy producing facilities, composting facilities, water treatment 
plants, asphalt plants, steel foundries, lift station scrubbers, pig farms or any other odor producing 
facilities, including positive collection or intemal treatment systems having chemical scrubbers. 

While the invention has been described, disclosed, illustrated and shown in certain preferred 
embodiments or modifications which it has assumed in practice, the scope of the invention is not 
intended to be, nor should it be deemed to be, limited thereby. For example, the described invention 
could be modified to cause the blower to push air through the vaporization chamber rather than draw 
air through the vaporization chamber. In some applications, the blower may not even be required 
because the vapors may be drawn from the vapor chamber under a vacuum produced by on-location 
air handling fans. In these applications, piping is used to connect the outlet of the vaporization 
chamber to the inlet side of an exhaust system, thereby creating a negative pressure at the outlet of 
the vaporization chamber and drawing air through the system. Other embodiments may completely 
remove the air pump which provides pressurized air to the nozzle because pressurized air is available 
from an alternative source. Still more embodiments may include a system wherein malodorous air, 
such as an industrial exhaust stream, is drawn into the system through the air inlet port, and the 
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malodorous air is mixed with the vaporized liquid deodorant within the system rather than 
distributing the vaporized liquid deodorant to the malodor outside of the system. In other 
embodiments, the atomizing nozzle may be positioned on a floating platform within the vaporizing 
chamber in order to maintain a constant distance between the nozzle and the level of liquid 
deodorant within the product reservoir portion of the vaporizing chamber. This arrangement is 
helpful when the vapor chamber is located inside a sewer lift station that is filled manually with 
product on a periodic basis. Other modifications are possible and the scope of the present invention 
is not intended to be, nor should be, limited by the embodiment described herein. 
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